glands, and their excitation in this way explains the beneficial effects of the static charge in neurasthenia, a form of treatment in this disease strongly advocated years ago by Charcot, and more recently by Benham Snow and other writers. It is of interest to note that an American biologist, referring to neurasthenia, which he, terms " the great American disease dementia Americana "-states that it " seems to be adrenal disease " (Berman).
In diathermy or galvanism we have the means of stimulating the action of such glands as the thyroid, and it is a well established fact that in X-rays we have the means of restraining the action of this gland and other glands.
With such powerful agents at our command, surely it is only a matter of time and research to acquire an increasing control over the many and varied diseases arising from a disordered action of the endocrine glands.
From this very incomplete review of electrical energy as a curative agent, it is evident that much has been accomplished in the past, but that far more remains to be done in the future. We are, indeed, but on the threshold of our science; before us is opening up a vista of possibilities unequalled in any other branch of medicine. Electrotherapy, certainly at the present time, does not meet with its due recognition, but its unexplored field for investigation is so immense that any careful worker may attain in some degree to the true goal and reward of the research student, so well expressed in the lines of Wordsworth:
"Enough, if something from our hands have power
To live, and act, and serve the future hour."
High-frequency Currents in Relation to Cellular Physiology.
By M. PHILIPPSON, M.C. (Brussels). (ABSTRACT.) ALTHOUGH the applications of electricity to physiology date from the origin of electrical science, very little is known of the nature of the electrical resistance of living tissues.
It is impossible to measure the electrical resistance of tissues for a continuous current; polarization establishes a counter-electromotive power and the apparent value of resistance grows with the duration of the current.
By the use of alternating current methods one can obtain a definite value for the electrical resistance of tissues. This value is very high and has been ascribed to the resistance of cell membrane.
Before the war Hober, a German physiologist, showed that with the use of high-frequency currents the electrical resistance of living tissues had a very small apparent value which could not be exactly determined.
We have endeavoured to apply the methods of radio-engineering to the study of the electrical resistance of living tissues so as to explore the full range of frequencies between the low frequencies generally employed in physiological work and the high ones attained by Hober.
Our method is the following:
We use as a generator of alternating current a triode lamp generator similar to the heterodyne employed in radio-technique and constructed so as to give from 500 to 3,000,000 cycles per second.
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This generator induces a current of the same frequency in a secondary circuit containing in series the piece of living tissue in a proper cell and a calibrated measuring resistance. When the measuring resistance and the unknown resistance are equal, the potential drop across these resistances is equal also. To ascertain the equality of potential drop we use the Abraham voltmeter amplifier-a triode lamp device which allows of the comparison and eventually of the measurements of electromotive powers of any frequency.
We measured the resistance of different types of living tissues, guineapig liver, guinea-pig muscles, potato, &c. Our measurements were always reduced to specific resistance, i.e., resistance of a cube of 1 cm. side.
If we plot resistance against frequency, we always find a similar curve, decreasing first slowly from a high resistance at low frequency, then quickly between 10,000 and 1,000,000 cycles and then approaching a minimum limiting value at higher frequencies.
This curve suggests that in the living tissues there are elements acting as capacities the apparent resistance of which diminishes with frequency.
Let us suppose that the resistance of living tissues is constituted by a capacity resistance (C) shunted by a high ohmic resistance (r), in series with a much smaller ohmic resistance (R). B represents the electrolytic resistance of the cytoplasm. C the capacity of the cell membranes. r the leak through the membranes and between the cells. The equation of a leaky condenser is expressed as follows: The complete range of measurements we have made enables us to find the different constants in this equation:-When p tends towards infinity Z tends towards R. When p tends towards zero Z tends towards R + r.
/2 Rr + r°C is given by the equation C = k2-BJ It is generally found that C ) r is not a constant but is a function of frequency following the equation: C = Cie--Ci being capacity at frequency one.
If we compare calculated and observed values, we find they agree as shown in following example: 
242-5
We can prove in another way that our assumption of a capacity resistance in living tissue is correct. We found by adding an inductance to the circuit that the apparent resistance decreases: this can only happen in the case of a capacity resistance.
For instance, at frequency 100,000 the resistance of a cubic centimetre of a potato was 468 ohms ; by adding inductances we reduced it down to a, minimum of 288 ohms. This value is greater than the calculated value 243, but we did not measure the high-frequency resistance of our inductance.
We believe that in this way we have ascertained the nature of the resistance of living tissues, and have paved the way to the measurement of the true electrolytic resistance of cytoplasm and to the appreciation through resistance and capacity measurement of the membrane of the value of its physiological integrity.
We found that by allowing excised guinea-pig muscle to rest for an hour before measuring its resistance r dropped from 1,490 to 790 ohms, Ci rose from 4'2.10-7 farads to 6'05.10-farads, R remaining unchanged. This showed the main alterations to be in the cell membranes.
For physiological and medical purposes it was of interest to ascertain if the leak across the membrane lay in the membranes themselves or between the cells. In order to discover this we used as artificial living tissues centrifugalized blood, in which the resistance of intercellular liquid, i.e., blood serum, was known to us. By adding to the blood isotonic sugar solution we were enabled to raise the resistance of this intercellular liquid.
The known quantities in two sets of parallel measurements with and without the addition of sugar allow of the relative volume of serum and corpuscles being ascertained. If the specific resistance of the serum be known, one can find out the conductivity of the serum. The measurement of total resistance at different frequencies gives the total conductivity at those frequencies. If we deduce from the total conductivity the serum conductivity which is constant we obtain the conductivity of the corpuscles and by it the relative value of the current flowing through the cells to the total current. The following example shows the results:-Centrifugalized blood yielded a volume of corpuscles of 96'5 per cent., a, volume of serum of 3'5 per cent. The specific resistance of the serum was 0-035 85 ohms. The conductivity of the serum in the preparation°853 = 41.10-. 
